It is an established fact that circadian rhythmicity is often somehow involved in the physiology of photoperiodic induction. It is shown, however, that there are three possible ways in which such rhythmicity could be involved. For the most part available data are inadequate to discriminate among these three roles, only one of which is covered by "Binning's Hypothesis." Emphasis is given to a previously ignored possibility in which circadian organization is involved in photoperiodism-but not as the clock responsible for the time-measurement. The meaning of circadian surfaces and their bearing on the interpretation of a widely used experimental protocol is developed.
The switch from one seasonally appropriate metabolic strategy to another-such as from vegetative growth to flowering, or normal development to developmental arrest (diapause)-is controlled in a great variety of multicellular organisms by the relative duration of light and dark in the daily periodicity of environment: such switches are said to be photoperiodically controlled. This phenomenon of photoperiodism implies that in some sense the organism measures time (the duration of darkness or light), and in recent years it has become fashionable to state the central issue as the nature of the "clock" that effects the photoperiodic time mesurement. The major debate for two decades has been whether the clock that effects the photoperiodic time measured is some sort of "hourglass" or a circadian oscillation of the type known to be utilized as the chronometer used in time-compensated sun orientation and other instances where organisms identify phases of the daily cycle of the external world.
The debate is currently in a confusing state in several respects, the full extent of which lies beyond the scope of this brief theoretical note that intends only: (i) to state some general aspects of the complexities not made sufficiently explicit in current discussions; (ii) to draw attention in particular to an additional complication believed to be both significant and not previously recognized; and (iii) to suggest that progress in clarifying currently confounded issues will probably best be made by the measurement of what are here called extended circadian surfaces (or topographies), rather than by traditional experimental protocols that constitute only one transect across such surfaces.
Convergent evolution in photoperiodic phenomena
Photoperiodism itself is by no means the only way in which selection has met the challenge of recognizing the time of year; and what formal similarities there are among those plants and animals that do utilize daylength as a noise-free cue to season may well be no more than that-formal, and in a sense superficial-the product of a convergent evolution that obscures significant differences in the underlying concrete mechanisms involved. Indeed, there is little doubt this is in fact the case, making the search for a unified "theory" founded on facts from different organisms hazardous, at best. Thus, while it is abundantly clear that circadian rhythmicity is somehow involved in the photoperiodism of many plants, birds, and insects, the evidence increases (1) (2) (3) (4) However, the generalization as stated accommodates other possible models, one of which was'initially suggested by Pittendrigh (7) and has recently-apparently independently-been more fully developed by Tyshchenko and colleagues (8, 9) , especially for insect photoperiodism. A useful English summary of the Tyshchenko version will be found in Danilevsky et al. (10) .
Circadian organization as clock: "internal coincidence"
This second model, conveniently distinguished as "internal coincidence," was based initially (7) However, his data left no doubt that whatever the "hourglass" was, it was complex in the sense that while induction Thus, if induction is a function of some set of entrained steadyProc. Nat. Acad. Sci. USA 69 (1972) was always maximal at D = 12, the absolute value of the (I. maximum was a function of L. In attempting to clarify this dependence (17) (ii) However, the surface does make graphically clear what the generalization is that underlies the dependence of D = 12 on the value of L: the surface peaks at a value of T close to 24 (D + 12 + L = 12); in other words, when T is close to r and the system is close to resonance. Thus, the surface I derived from Beck's data is not only a surface defined by isoinduction contours; it is also a circadian surface that informs us that no matter how the measurement of D = 12 is made, the success with which induction is effected is maximal when the circadian system is at, or close to, resonance with its driving cycle.
The detailed topography of the Ostrinia surface warns us that no matter what other role (clock) circadian organization may play in photoperiodic induction, we must reckon with the fact that its proximity to resonance is likely to modulate significantly the expression of whatever pathways the timemeasurement itself initiates. This role of circadian organization in photoperiodism is nowhere reckoned within current discussions of the problem.
The potential utility of measuring extended circadian topographies
In Fig. 1 the transects (A This defines experiments of the type performed by Went (15) and Pittendrigh and Minis (16) It is, however, the extension of D transects beyond 24 hr of darkness that merits greater attention. That is the protocol, introduced initially by Nanda and Hamner (18) , that is the most widely used tool in asking whether or not circadian rhythmicity is involved in photoperiodic induction. The classical positive result is the finding that when T is systemically lengthened (holding L constant) the amount of induction rises and falls, as a function of T, with inductive maxima occurring at values of T that are about nr and inductive minima at values of T that are about nT + T/2. This result has always been interpreted, not just as implicating circadian phenomena somehow in the total physiology of induction, but specifically in the detailed terms of Bunning's original hypothesis, here called "external coincidence." However, one cannot simply treat such protocols as the search (with light) for the recurrence of a photoinducible phase of a circadian rhythm: the light used in the experiments drives, or entrains, the circadian system and we cannot set aside the complication that the performance of the system will be a function of its proximity to resonance, no matter how the photoperiodic time measurement is made. Since circadian organization will be most nearly normal when driven by cycles with T = nT, and least normal when driven by T = nT + r/2, the results of such experiments are by no means unequivocal in their meaning: all they justify is the restricted general conclusion made earlier in this paper that photoperiodic induction is a function of the entrained steady-state of the circadian system (when, in fact, it is involved).
The Nanda-Hamner type of result (an extended transect D), together with the known circadian surface for Ostrinia, suggests that when circadian organization is involved in photoperiodic induction we should expect-for some models of the clock-multiple peaks on an extended circadian surface. Saunders, in this laboratory, has sought and found such complex extended circadian topographies in the insects Sarcophaga argyrostoma and Nasonia vitripennis (see the following paper). The details of such topographies will be instructive in unconfounding the diverse roles circadian organization can, in principle, play in the expression of photoperiodically induced phenomena. Topographic differences to be expected on the basis of the three possible roles outlined here will be pursued in a later paper.
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